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CHEMICAL CHANGES OF THE PAPAYA PLANT 
DURING DEVELOPMENT. WITH SPECIAL REF- 
ERENCE TO ITS PROTEOLYTIC ACTIVITY 


C. F. Asenjo, D. H. Cook, M. del C. de Fernandez, and L. A. Alvarez, from 

the Department of Chemistry of the School of Tropical Medicine and the 

Department of Phytopathology of the Agricultural Experiment Station of 
the University of Puerto Rico 


INTRODUCTION 


The papaya plant (Carica papaya 1.) attains full maturity in ap- 
proximately thirteen months of growth, when it bears fruit. During this. 
period of development, several chemical changes take place in the plant. 
The present investigation was undertaken principally to determine the 
general trend of variation in the proteolytic activity of the various parts 
of the plant throughout this period of development. However, other data 
weré collected at the same time, including that referring ‘to the variation 
in ihoisture content, hydrogen ion concentration, and total nitrogen. As 
no data of this nature have previously been recorded, we have thought’ the 
same may be of use to those engaged in the study of the papaya plant. For 
tliis reason, these data have been included in the present paper, together 
with those finding related to the distribution of proteolytic activit¥ 
throughout the plant. | 


MATERIALS AND METHODS 


Bs, In the present investigation, the following material and methods 
were used. 
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Plant material. The native variety of papaya was utilized. Seeds 
were sterilized and planted in a greenhouse. The seedlings were then 
transplanted into pots and, on attaining an age of approximately three 
months, were in turn placed out in the open. Samples for analysis were 
taken as recorded in Table I. 


TABLE I 


Schedule Followed In Collecting Samples for Analysis 


AGE IN DAYS AMOUNT OF 
vman AFTER PLAN- SAMPLE OF SAMPLES 
TING SEED 


Sept. 1940 0 Seeds 50 gm 

1940 3 50 

1940 6 60 ” 

" 1940 13 Whole ' 50 seedlings 

seedling | 

Oct. 1940 43 | Whole plant | 25 plants 
Nov. 1940 | 73 5” 
Dec. 1940 | 103 | | * 
Feb. 1941 163 | " ” | 1” 
Mar. 1941 | 193 * 
Apr. 1941 223 * 
May 1941 | 253 | 1” 
June 1941 283 * 
Aug. 1941 343 * 
Sept. 1941 | 373 - i | ; * 
Oct. 1941 403 


All of the samples were collected early in the morning and immediately 
sent to the laboratory. where they were placed in cold storage at a tem- 
perature of about 8°C. Samples were always utilized within the following 
twenty-four hours, 

Total moisture. Total moisture was determined in the seed, root, stem, 
leaf, and fruit by placing samples of these various parts in an oven at a 
temperature of 110°C, until constant weight was attained. The loss in 
weight was taken as an index of the moisture content of each sample. 

Expression of juice. The tissues were thoroughly ground with a small 
amount of washed quarz in a porcelain mortar and the paste, thus formed, 
squeezed in a piece of cheesecloth until all the juice was expressed. The 
juice obtained was used immediately. 
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Hydrogen ion concentration, The hydrogen ion concentration of the 
juice was determined with a Leeds and Northrup glass electrode meter. 

Milk clotting activity. The milk clotting activity of the juice was one 
of the indexes used to measure proteolytic activity and the method followed 
in this determination, was that of Balls and Hoover (*). Results obtained 
in these milk tests were expressed in milk clotting units equivalent to the 
amount of enzyme required to clot 5 ce. of the standard milk preparation 
in one minute at 40°C. 

Hydrolysis of gelatin. Another index used to measure proteolytic 
activity was the ability shown by the juice to hydrolyze gelatin ; the method 
followed was the formol titration. A two per cent gelatin solution pH 5 
was used as substrate. To 5 cc. of this solution 1 ce. of juice was added. 
One cc. of this mixture was taken for the initial titration. One cc. of 40 
per cent formaldehyde was added to each volume of mixture to be titrated. 
The indicator used was a solution of 0.2 per cent phenolthalein in 50 per 
eeut alcohol. The incubation period lasted 20 hours at a temperature of 
40°C. The strength of the sodium hydroxide solution used for titration 
was of O.O1N. 

Nitrogen content of the tissues examined. All nitrogen determina- 


tions were performed in accordance with the Kjeldahl-Gunning-Arnold 
method (‘). 


EXPERIMENTAL RESULTS 


_ The seed. No measurable amount of proteolytic activity was detected 
in the seeds before or during the germination period. The nitrogen content 
of the seed, as planted, was 41.5 mg. per gram of dry seed; samples taken 
during the thirteen days before germination averaged 44.4 mg. of nitrogen 
per gram of dry seed. For other determinations performed on the seed, 
see Table II. 

The leaf. Proteolytic activity appeared first in the leaf and then in 
other parts of the plant as can be seen in Tables IL], IV, and V. Samples 
collected forty-three days* after planting the seed showed, on dry basis, a 
milk clotting activity of 1.80 units per gram and a formol titration of 15 
ee. of O.O1N NaOH. The peak of proteolytic activity in the leaf, as 
indicated both by the milk clotting and formol titration, was reached about 
the 133rd day after planting of the seed. These values were 11.16 milk 
units and 56.16 cc. O.O1IN NaOH, respectively, on dry basis per gram. 
From this date on, proteolytic activity of the leaf consistently decreased. 
The last test performed on the 403rd day gave 4.68 units and 13.61 cc. 
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0.01N NaOH per gram of dry leaf for the milk clotting test and formol 
titration, respectively. Nitrogen content of the leaf averaged 42.6 mg. 
per gram of dry leaf. The highest content was observed on the 253rd day, 
49.9 mg.. while the lowest, 35.6 mg., was recorded on the 198rd day. For 
other determinations performed on the leaf, see Tables II, III, and VI. 

The stem. Milk clotting activity did not appear in the stem until the 
73rd day. This initial activity, as well as that exhibited all throughout 
the experimental period, was much lower than in the leaf. Average clotting 
per gram of dry tissue was 2.48 milk units, while the formol titration was 
8.18 cc. of O.OLN NaOH. The peak in milk clotting activity, 5.09 units, 
was reached on the 133rd day. On other hand, formol titration did not 
show a maximum until the 283rd day when a titration of 13.21 cc. of 
O.O01N NaOll per gram of dry stem was recorded. Average nitrogen 
content was 13.7 mg. per gram of dry tissue. A maximum of 20.8 mg. 
was recorded on the 253rd day and a minimum of 6.6 mg. on the 403rd 
day. For other data related to the stem, see Tables II], LV, and VI. 

The root. Of the various parts of the papaya plant. the root showed 
the lowest milk clotting activity, although its gelatin hydrolyzing power 
was the same as that of the stem. Its average milk clotting activity and 
formol titration per gram of dry tissue were 1.39 milk units and 8.12 ce. 
of O.OIN NaOH, respectively. The peak in milk clotting activity, 3.48 
units, was reached on the 283rd day; the peak in formol titration, on the 
same day with a value of 17.50 ce, of O.OIN NaOH. Average nitrogen 
content of the root was 14.3 mg. per gram of dry tissue; its maximum 
content was recorded on the 223rd day with 19.8 mg. and the lowest on 
the 373rd day. with 8.5 mg. per gram of dry tissue. For other data on 
this part of the plant, see Tables I]. V, and VI. 

The fruit. For the purpose of this study the fruit was divided into 
two parts: the rind and the pulp. It is well known that the rind contains 
the largest amount of the latex present in the fruit, while the pulp contains 
practically none. The fruit was collected at the same time from two dif- 
ferent trees, both about thirteen months old. ‘That fruit belonging to the 
younger inflorescence at the top was small and undeveloped; that from the 
older inflorescences at the bottom was well developed and medium ripe. 
Tables VII, VITI. IX. and X, record the inflorescences from the seventh 
to the first; the seventh being the younger at the top and the first being 
the older at the bottom of the tree. 

(a) The rind. The average proteolytic activity of the rind per gram 
of dry tissue was 36.2 milk units and 26.4 cc. of O.O1N NaOH. Maximum 
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activity was observed in the fruit belonging to the third inflorescence with 
values of 94.1 milk units and 36.1 cc. of O.OIN NaOH, respectively, for 
milk clotting and formol titration. The fruit from this inflo- 
can be seen from Table VIII. The average nitrogen content of the rind 
was of 29.9 mg. per gram of dry tissue. For other data, see Tables VII, 
VIII and X. 

(b) The pulp. The pulp of the fruit showed a much lower proteolytic 
activity than the rind, both when such activity was measured by the milk 
clotting test as well as by formol titration. Milk clotting activity of the 
pulp was nearly one-tenth that of the rind (36.2 units against 3.3 units 
per gram of dry tissue). Formol titration of the pulp was about a one- 
third that of the rind (26.4 cc. against 9.9 cc. O.O1N NaOH per gram of 
dry tissue). The milk clotting power of the pulp from the second and first 
inflorescences was zero. On the other hand, its gelatin hydrolytic activity 
remained quite uniform throughout, showing an average of 9.9 cc. of O.O1N 
NaOH per gram of dry tissue. The average nitrogen content of the pulp 
was 14.9 mg. per gram of dry tissue, that is, about half the average nitrogen 
content of the rind. As in the rind, this nitrogen content also had a ten- 
dency to decrease with the age of the fruit. For other data on the pulp, 
see Tables VII, IX, and X. 


DiscussION 


Outside of the observations made by Balls, Thompson and Jones (*) 
to the effect that the entire papaya plant, aside from the roots, contained 
considerable enzyme activity, no other investigation, as far as we know, 
has been conducted along these lines. 

The results obtained by us confirmed the observations of the above 
mentioned investigators and showed, furthermore, that milk clotting activity 
made its appearance first, in the leaf of the young plant and later, in the 
stem and root. The two parts of the plant which at all times showed a 
high proteolytic activity were the green leaves and the green fruit rind. 
Whether the formation of papain is closely connected with the presence 
of chlorophyl we are not in a position to say; however, it is interesting to 
note the close association that exists between these two substances in the 
different parts of the papaya plant. 

In the leaf, at least, there was a definite variation in proteolytic activity 
during the first thirteen months of growth. Such activity reached its 
maximum value on the 133rd day after planting of the seed, but decreased 
consistently thereafter until the end of the experiment. The same variation 
was noticed, to a lesser extent, in the stem and in the root, 
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It must be remembered that these results are subject to considerable 
variation due to the use of single tree samples for each set of determinations, 
Lack of planting space made it necessary to take single trees for analysis 
in such a long time experiment. We feel, however, that in spite of indi- 
vidual variations, these results show definite trends in the distribution and 
activity of the substances measured. 


SUMMARY 


1. All parts of the papaya plant, with the exception of the seed, showed 
varying degrees of proteolytic activity. 

2. Milk clotting activity appeared first in the leaf and later, in the 
stem and root. ; 

3. The largest amount of proteolytic activity was concentrated in the 
green fruit rind and, in decreasing quantities, in the leaf, fruit pulp, stem, 
and root. 

4. In the leaf and, to a lesser extent, in the stem and root, a definite 
variation took place in proteolytic activity during the thirteen initial 
months of growth. Maximum activity was reached between the fourth and 
ninth months. 


5. Data have been collected regarding the moisture, hydrogen ion 
concentration, and nitrogen content of the various parts of the papaya 
plant during its initial thirteen months of growth. 


SUMARIO 


1—Todas las partes de la planta de la papaya, con excepeién de la semilla, 
demostraron poseer distintos grados de actividad proteolitica. 

2—La actividad proteolitica aparecié primero en la hoja y mas tarde en 
el tallo y las raices. 

3—La actividad proteolitica estaba concentrada en mayor grado en la cor- 
teza de la fruta verde y, en cantidades menores, en las hojas, la pulpa de la 
fruta, el tallo y las raices. 

4—En las hoias y, en menor grado, en el tallo y las raices, se prodvio 
una variacién definida en Ja actividad proteolitica durante los 18 meses ini. 
ciales de crecimiento, Va actividad maxima se aleanzé entre los 4 a 9 meses. 

i—Se han tomado datos en cuanto al contenido de bumedad. varineién en 
el pH y el contenido de nitrégeno de las distintas partes de la planta du- 
rante los 13. primeros meses de su desarrollo. 
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Mi’k clotting and gelatin hydrolyzing activity of the lcaf, stem and root of 
the papaya plant during the first 403 days of growth. 
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Table VI. Milligrams of nitrogen per gram of fresh and dry leaf, stem, and root, 


MILLIGRAMS OF N PER GRAM OF MILLIGRAMS OF N PER GRAM OF 
FRESH TISSUE DRY TISSUE 


AGE IN DAYS) 
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Tab-e VII. Total moisture and total solids in the rind and pulp of papayas of 
different inflorescences. 


PULP 
INFLORES= 
CENCE 
(FROM TOP 
TO BOTTOM) 


TOTAL j TorTaL | TOTAL 
MOISTURE | SOLIDS | MOISTURE 
| 


% | To %o 


92.4 | 90.9 
89.1 92.4 
88.8 91.5 
87.9 91.5 
90.0 92.3 
88.6 93.5 
85.6 90.4 


“sd 
bo 


AVERAGE 88.9 ° 91.8 
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103 38.5 18.2 
133 38.0 15.2 18.7 
163 44.8 18.5 14.4 
193 : 35.6 13.0 13.3 
223 | 44.8 13.4 19.8 
253 49.9 20.8 15.8 
283 | 44.2 i 13.0 16.7 § 
313 42.5 | 9.0 10.0 
343 46.5 | 9.4 94 
373 | 39.8 | 9.9 85 
|| | 39.3 6.6 12.6 
| | 
| | 42.6 | 13.7 14.3 
TOTAL 
SOLIDS 
% 
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6 
5 
4 
3 
2 
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Table X. Milligrams of nitrogen per gram of fresh and dry fruit rind and pulp. 


MILLIGRAMS OF N PER MILLIGRAMS OF N PER 
INFLORES~ GRAM OF FRESH TISSUE GRAM OF DRY TISSUE 
CENCE 
(FRoM TOP 
TO BOTTOM) RIND PuLP RIND 


38.2 
25.4 
30.3 
31.7 
34.2 
30.5 
18.1 


younger 


bo 09 po bo bo 


29.9 


n 
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Table XI. Distribution of Proteolytic Activity and Nitrogen in the Papaya Plant. 


PROTEOLITIC ACTIVITY 
PER GRAM OF DRY TISSUE 
; ANT OF NIT iN 
PART OF THE PLANT MILK ce. OLIN F T ROGE 
CLOTTING NaOH 
Y TISSUE 
UNITS 


MILLIGRAMS 


Seed 0.00 41.5 
Root (Average 13 months) 1.39 14.3 
Stem (Average 13 months) 2.48 13.7 


Fruit pulp (Average ist to 7th | 
inflorescence) 3.30 14.9 


Leaf (Average 13 months) 5.50 42.6 


Fruit rind (Average 1st to 7th 
inflorescence) 36.20 | 29.9 


2.1 22.9 
6 1.5 16.5 
5 | 1.4 15.5 
4 13 13.9 
3 1.2 13.1 
2 1.0 10.2 
1 older | 11.9 


THE EFFECT OF STAKING AND PRUNING 
ON TOMATO PLANTS 


By Arturo RIOLLANO 


Staking and pruning tomato plants has been a general practice among 
the majority of the farmers devoted to truck or market gardening in vari- 
ous sections of Puerto Rico. While numerous trials have been carried else- 
where to determine the relative value of these practices, experimental evi- 
dence is lacking for this Island. These trials were established to determine 
the effects of staking and pruning Marglobe tomato plants on yields, size, 
quality, and earliness of fruits under prevailing conditions at the Isabela 
Irrigation District. It is hoped that the information presented in this 
paper will be in general applicable to other sections of the Island or, at 
least, that it will induce some vegetable growers to make more careful ob- 
servations as to the relative merits of pruning and training tomato plants 
in their respective areas. 


MATERIALS AND METHODS 


Two trials were conducted on Coto Clay soil with the Marglobe variety 
at the Isabela Substation during the fiscal year 1936-37. This variety of 
tomatoes is grown almost exclusively in Puerto Rico, either for the local 
market or for shipping to the Continent during the winter season. The 
first trial was started on August 1936 with four treatments, namely, (a) 
unstaked, (b) staked, (c) unstaked and pruned, and (d) staked and prun- 
ed. Each treatment was replicated nine times in randomized blocks. The 
land used for this trial was prepared for surface irrigation by the furrow 
system commonly known as the Hawaii system. Seed was sown on August 
20 in seedbeds made in the open and the seedlings transplanted to the 
field on September 19. Plants were set by hand 214 x 4 feet apart. Square 
plots 1/100th acre in area were used. Thirty-five plants were set in each 
plot. 8-10-15 fertilizer was applied to the furrow at the rate of one ton 
per acre five days before transplanting. Irrigation was applied at the 
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approximate rate of one acre-inch once a week whenever rainfall was less 
than one inch in the preceding week. <A total of six applications of arti- 
ficial irrigation were made while the amount of natural rainfall amounted 
to 13.7 inches during the crop. 

In all the staking treatments each plant was tied to a wooden stake 
driven into the ground about 10 inches and extending from 5 to 6 feet 
above the ground. Tying of the plants to the stakes was done with manila 
hemp twine. Six times during the season this operation was practiced 
in order to keep plants properly tied to the stakes, 

In the pruning treatments, plants were pruned to a double stem and 
small shoots were removed as often as necessary. Pruning was done at 
weekly intervals and this operation was practiced 6 times during the crop. 
Eight applications of Bordeaux mixture 2-3-50 plus 2 lbs. of lead arsenate 
were made at weekly or ten-day intervals for the control of diseases and 
insects. Seven pickings of fruits were made: the first on November 20 
and last on December 28. 

Fruit from each plot was counted and classified by weight as follows: 
large, weighing above .3 pound; medium, weighing from .2 to .3 pound; 
and small, weighing less than .2 pound, Fruit with blemishes, malforma- 
tions, disease symptoms or too small for marketing purposes was classified 
as unmarketable. The fruit was harvested green or just begining to turn, 
a stage of maturity considered safe for long distance shipment. 

The second trial was established in another field after the results of 
the first trial were known. It was started on January 17, 1937, the first 
picking being made on April 6 and the last on May 19. A similar pro- 
cedure was followed except that only two treatments were included, staked 
and unstaked, and that each treatment was replicated 8 times. This second 
test was carried out during the dry season and consequently 10 applications 
of irrigation water were made when rainfall dropped to 8.25 inches during 
the crop season. 

The results of the first trial were calculated by Fisher’s (3) method 
of statistical analysis while those of the second trial were analyzed by 
Student’s method using Love’s (5) modification. In the latter case odds 
greater than 30:1 are considered significant. 


RESULTS 


The results are presented in detail in tables 1 and 2. They have been 
reported in hundredweights per acre to facilitate the making of compari- 
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sons in terms used by local growers. Yields obtained in these trials seem 
to be low if compared to those obtained in the Continent. However, these 
yields compare favorably with those reported by Colén Torres and Morales 
(1) as obtained by commercial growers in the Jayuya section of this Island. 

In both trials staking reduced consistently and significantly yields of 
all classes of fruit when compared with the unstaked treatments. The 
effect of staking on total yield is decidedly detrimental when considering 
that this practice caused an average loss of 21.3 hundredweights of fruit 
per acre in the first trial and 27.5 hundredweights in the second trial. 
Staking increases slightly the percentage of marketable fruit but reduces 
greatly total yields. The apparent effect of staking upon quality of fruit 
is offset by the marked reduction on total yields of marketable fruit. . 
Thus it will be observed that staking reduced the yield of marketable fruit 
by 18.0 hundredweights in the first trial and by 22.1 hundredweights in 
the second trial. 

The combination of pruning and staking seems to reduce further, in 
a significant way, the yields of all classes of fruit. The unstaked and 
pruned treatment was inferior to the staked or unstaked treatment, but 
it was superior to the staked and pruned treatment where the lowest yields 
were recorded. The descending order of merit of marketable yields for 
unstaked, staked, and unstaked and pruned, staked and pruned will, there- 
fore, run as follows: 91.4, 73.4, 54.6 and 46.3 hundredweights per acre 
respectively. For total yield the same trend is observed for the above 
treatments, namely, 102.0, 80.7, 63.7; and 52.1 hundredweights per acre, 
respectively. Considering total yields of marketable fruit, the effects of 
pruning and staking upon quality are significantly undesirable. 

The average weight of all fruit harvested from the different treat- 
ments in both trials has been presented in table 3. 


TABLE 3. The effect of staking and pruning on size of fruit. 
Average weight of fruit by trials and treatments. 


UNSTAKED STAKED 
UNSTAKED STAKED & PRUNED & PRUNED 


(Ibs.) (Ibs.) (lbs. ) (Ibs.) 
First trial 0.233 0.234 0.215 0.213 
Second trial 0.278 0.255 


In spite of the apparent tendency to reduce size of fruit when pruning 
or staking was practiced, the differences in weight recorded were not sig- 
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nificant. Furthermore, these differences in size must be larger in order 
to be of any commercial value. 

The effect of staking and pruning on earliness may be studied by 
observing the total yields obtained with the different treatments in the 
first four pickings. In the first trial, as illustrated in figure 1 and table 
4, it seems that pruning without staking had some favorable effect on 
the quantity of early fruit set by causing slightly higher yields in the 


o 


Fig. 1. The effects of pruning and staking on total yields and earliness of fruit. 


pickings of November 20 and 27. When considering total yields of the 
first four pickings, the unstaked plots whether pruned or unpruned, were 
not statistically different, but each outyielded in a significant way the 
other two treatments. In the second trial where pruning treatments were 
omitted, the unstaked treatment with 106.6 hundredweights per acre in 
the first four pickings, had a marked and significant effect upon the quan- 
tity of early fruit set when compared with the staked treatment which 
produced only 75.1 hundredweights of fruit per acre during the same 
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TABLE 4. Effect of staking and pruning on earliness. First Trial. 
Yields in hundredweights per acre by pickings. 


DIFFERENCE. 
UNSTAKED STAKED UNSTAKED STAKED FOR SIGNIFI- 
& PRUNED & PRUNED CANCE 


(100 lbs.) (1001bs.) (100I1bs.) (100 Ibs.) 


November 20 3.3 1.3 4.2 1.4 
November 27 10.5 7.6 11.5 6.3 
December 1 10.3 6.8 9.7 ye | 
December 7 5.7 5.3 4.9 3.9 


Yields per acre 
first four pickings, 
9 replicates 29.8 21.0 


December 14 18.4 17.3 
December 21 19.3 13.7 
December 28 34.5 28.7 


Totals 102.0 80.7 


* Significance at 5 per cent point. 
** Significance at 1 per cent point. 


TABLE 5. Effect of staking on earliness. Second Trial. 
Yields in hundredweights per acre by pickings. 


STUDENT’S 


UNSTAKED STAKED 
ODDS 


(100 lbs.) (100 Ibs.) 


April 6 9.8 6.5 
April 14 31.6 19.0 
April 21 36.6 27.5 
April 28 28.6 22.1 
Yields per acre first four 

pickings. 8 replicates 106.6 75.1 
May 5 22.8 25.3 
May 12 13.4 14.4 
May 19 12.9 13.4 
Totals 155.7 128.2 
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period of time. The results of both trials as shown in tables 4 and 5, indicate 
that staking is responsible for a significant reduction in the quantity of 
early fruit set. 

Considering only the staked and unstaked treatments in both seasons, 
it will be observed in figures 1 and 2 that higher yields, regardless of 
treatment, were obtained during the last three pickings in the first trial 
which was established on August 1936; while in the second trial which 


of fruit par aero/by plekings 
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Fig. 2. The effects of staking on total yields and earliness of fruit. 


was started on January 1937, the lowest yields were recorded in the last 
three pickings with the exception of the fifth picking of May 5th in the 
staked plots. This contrasted trends of yields might be attributed to sea- 
sonal effect. 


DISCUSSION AND SUMMARY 


The fact that these trials were established under irrigation by the 
furrow system must be clearly emphasized. In this way it seems that 


Ape, Ape. 22. Ape. 2B Mey my MBy 19. 
é 
§ 
d 
t 
I 


STAKING AND PRUNING OF TOMATO PLANTS 25 


the possibilities of increasing the amount of unmarketable fruit in the 
unstaked plants are greatly favored because a large percentage of the fruit 
clusters lie in direct contact with the water soaked soil when irrigation is 
practiced. The main argument offered by vegetable growers who stake 
and prune their tomatoes is that such cultural methods tend to increase’ 
marketable yields because the fruit clusters develop high above the soil, 
free from dirt. Nevertheless, the two trials conducted at the Isabela Sub- 
station show conclusively that pruning and staking tomato plants reduce 
considerably yields of marketable and total amount of fruit as long as 
the same number of plants are kept constant in the different practices 
compared, These results are in accord with the abundant evidence pre- 
sented by Thompson (7) on these practices with trials he conducted in 
New York State and with the profuse literature he has reviewed on this 
subject. In the trials conducted in Australia Strickland (6) concluded 
that staking and pruning of unstaked plants were of doubtful value, except 
on limited areas. 

However, the apparent conflicting results reported by other workers 
are due mainly to the use of less space or more plants per acre for the 
pruning and staking practices as compared to the untreated plots or, prob- 
ably, to the wide variations in environmental conditions under which the 
different trials were established. Conflicting results may also follow ac- 
cording to Currence (2) when different varieties of tomatoes are subjected 
to pruning and training. He found that pruning was beneficial to Break 
O’Day variety and apparently detrimental to Pritchard. Even assuming 
that pruning and staking with twice the number of plants per acre as 
compared to the untreated plants, would produce equal or larger amounts 
of marketable fruit, the profitableness of such practices is still questionable. 
The added expenses involved in setting more plants per acre plus the cost 
of stakes, training and pruning several times during the crop, must be 
also considered before drawing general conclusions on the advisability of 
such cultural methods. 

Pruning and staking had no favorable effects on the size and earliness 
of fruit in these two trials. In the second trial staking caused a significant 
decrease on the quantity of early fruit set when compared with the un- 
treated plots. Earliness is not considered an important factor in Puerto 
Rico where tomatoes are grown successfully at any time of the year. 

Hawthorne (4) has reported in Texas an increase in the amounts of 
early marketable yields from the first four pickings of pruned unstaked 
plants. This contrast with our results might be explained by the effect 
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of differences in climatic conditions. However, he found that when yields 
of the entire crop were considered, the unpruned plants resulted with the 
highest yields. Hawthorne also did not find any effect of pruning on 


size of fruit. 
In conclusion, it may be stated that the results of our trials with 


pruning and staking Marglobe tomato plants plus the cumulative evidence 
from similar experiments conducted elsewhere, seem to indicate that such 
cultural methods are not conducive to the highest yields of marketable 
fruit. Pruning and staking under our climatic conditions have a tendency 
to decrease total marketable yields while not affecting favorably size, qua- 


lity nor earliness of fruit. 


SUMARIO EN ESPANOL 
ESTAQUEO Y PODA DE LOS TOMATES 


El estaqueo y la poda en los tomates han sido priacticas muy generaliza- 
das entre los agricultores que se dedican a la produccién de hortalizas en 
Puerto Rico. Se cree que con estas pricticas se aumenta la produccién y se 
consigue una proporcién mas alta de fruta de mejor calidad para la expor- 
tacién o para el mercado local. 

Con el fin de obtener informacién sobre el particular, se establecieron dos 
experimentos con tomates bajo regadio en la Subestacién Experimental de 
Isabela en donde se compararon los siguientes tratamientos: (a) testigo sin 
estaqueo o poda, (b) estaqueo sin poda, (c) poda sin estaqueo y (d) estaqueo 
con poda. Se utilizé el mismo namero de plantas de la variedad “Marglobe” 
en cada tratamiento y se tomaron las precauciones necesarias para que todos 
los tratamientos con ocho y nueve repeticiones recibieran atencién uniforme. 

Los resultados de la primera prueba indicaron que el estaqueo redujo la 
produccién total de fruta comercial en un 20 por ciento aproximadamente y 
cuando se practicé la poda sin estaqueo, esta reduccién Hlegé a un 40 por 
ciento comparado con el testigo sin poda ni estaqueo. Ademas, cuando se 
estaqueé y se podé, la reduccién fué atin mucho mayor ya que la produccién 
total bajé al 50 por ciento aproximadamente comparado con el testigo. En la 
segunda prueba en que se sometié la poda, se encontré que el estaqueo re- 
dujo la produccién de fruta comercial en un 22 por ciento. Aunaue el esta- 
queo en ambas pruebas causé un pequefio aumento en la proporcién de fruta 
comercial, esta ventaja aparente qued6 compensada por los efectos en la re- 
duccién total de fruta producida. En otras palabras, cuando no se estaqueé 
ni se pod6é, se produjo una mayor proporcién de rezagos o fruta inservible 
para la ventas pero como la produccién total de fruta aumenté6 grandemente. 
el total de fruta comercial producida fué entonces mucho mayor que cuando 
se estaqueéd o se podo. 

Ni el estaqueo ni la poda tuvieron efectos favorables en cuanto al tamaio 
de la fruta o la produccién-.de una cosecha temprana se refiere. En términos 
generales estos resultados coinciden con los obtenidos en numerosas pruebas 
que se han llevado a cabo en diversas regiones de los Estados Unidos y en 
Australia. En conclusién puede decirse que nuestras pruebas de estaqueo y 
la poda en los tomates de la variedad “Marglobe”, unida a la evidencia acu- 
mulada en pruebas efectuadas en otros sitios, demuestran que estas pricticas 
Son perjudiciales ya que disminuyen la produccién comercial del fruto y au- 
mentan considerablemente Jos gastos de la cosecha. 
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STUDIES OF THE SHADE REQUIREMENTS 
OF VANILLA 


by 


Ernesto Hernandez Medina 
Puerto Rico Experiment Station 
of the 
U. S. Department of Agriculture 
Mayagiiez, P. R. 


INTRODUCTION 


The vanilla of commerce [Vanilla fragrans (Salisb.) Ames] requires 


considerable shade for. its best development. In existing vanilleries in 
Puerto Rico this shade is provided either by the use of the dwarf bucare . 
(Erythrina berteroana Urban), which also serves as a support tree or by 
existing shade trees such as the guaba (Inga vera Willd.), and the guama 
[Inga laurina (Sw.) Willd.] 

Newport (5) states that the shade necessary for vanilla is not dense 
but rather chequered. According to Galbraith (2) in selecting trees for 
shade those should be chosen which give moderate to about half shade and 
which do not shed their leaves all at once. Chalot (1) points out the fact 
that weight and aroma of the beans are greatly influenced by the degree of 
sunlight to which the vines are exposed. Meinecke (4) states that in general 
the vanilla vine demands a little more sunlight than shade especially 
during the flowering season and at the time the beans are maturing. 
According to McClelland (3) the character of growth of vanilla vines 
depends greatly on the amount of shade to which the vines are exposed. 

From the literature cited it is evident that some shade is essential for 
vanilla. Since no record could be found as to the exact amount required, 
an experiment was conducted at the Puerto Rico Experiment Station to 
determine this by observing the behavior of the vines when planted under 
different exposures to sunlight, 
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EXPERIMENTAL PROCEDURE 


The field used for this experiment had a gentle slope and the soil was 
a Catalina clay. Drainage ditches in lengthwise and crosswise directions 
divided the field into 16 contiguous plats each measuring 30 by 20 feet. 

The four light exposures tested were as follows: full sunlight, two- 
thirds sunlight, one-half sunlight, and one-third sunlight. Exposures to 
light less than full were provided by overhead and side bamboo laths ap- 
propriately spaced. Each light treatment was replicated 4 times, and there 
were 30 plants in each replicate making a total of 120 plants per treatment 
or 480 plants in the entire experiment. Eight-node vanilla cuttings selected 
for uniform size and vigor were planted at the base of non-living support 
stakes. The usual mulching practice for vanilla was followed throughout. 

All cuttings were planted on October 9, and every 3 months thereafter 
data were taken on root formation, seed-piece rotting, and vegetative growth. 
Tn addition, the condition of the vines at the termination of the experiment 
as well as their weights and the number of eight-node cuttings obtained 
were used to evaluate the various light treatments. 


EXPERIMENTAL RESULTS 
Root Formation 
With respect to the number of roots formed, it was found that the 


vines planted under one-third sunlight consistently produced the greatest 


Tabie 1. Cumulative root formation on vanilla cuttings planted under four 
exposures to light, Mayagiiez, October 9, 1940. 


| Roots FORMED 1 


TREATMENT 
(EXPOSURE TO LIGHT) 
JAN 9 APRIL 9 JULY 9 Ocr. 9 
NUMBER NUMBER NUMBER NUMBER 
....... 800 2 93 2 «58 2 
 gunlight .......... 352 2 319 2 303 2 300 
394 410 449 472 
428 451 498 2 490 


1 On 120 8-node cuttings planted in each treatment. 
2 Decrease due to decay of some roots previously formed. 
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number of roots, while the vines planted under full sunlight produced the 
least. The data for root formation are presented in table I. 

It is interesting to note that the number of roots formed on the cuttings 
of each treatment was inversely proportional to the degree of sunlight to 
which the cuttings were exposed. 


Seed-piece Rotting and Stem Growth of Vines 


The data pertaining to seed-piece rotting and stem growth of vines 
were very interesting. The cuttings grown under one-half and one-third nor- 
mal sunlight suffered the least amount of stem rotting. In addition, they 
produced consistently the greatest amount of stem growth. Although the 
difference between these two treatments was in favor of the vines grown 
under one-third normal sunlight it was by no means considerable. These 
results are shown in table II. 

As shown in table 2 the vines exposed to full sunlight and two-thirds 
sunlight sustained the greatest amount of seed-piece rotting and produced 
the least amount of stem growth. It is clearly seen that the extent of 
rotting of the seed-pieces was in direct proportion to the degree of sunlight 
they received, namely, the less the sunlight the lower the percentage of 
rotting of the seed-pieces. In the case of the stem growth made by the 
cuttings the reverse was true, that is, the amount of vegetative growth was 
in inverse proportion to the exposure to light. 

Figure 1 shows the cumulative amount of stem growth made by the 
vines under the different exposures to light at each recorded reading, 
together with the amount of rainfall measured between readings. 

It is evident from figure 1 that at each recorded reading there was no 
great difference in amount of vegetative growth between the cuttings grown 
under one-half sunlight and those grown under one-third sunlight. However, 
there were considerable differences in this respect which were statistically 
significant between the two treatments of more and less than one-half 
sunlight. It is of interest to note in figure 1 also that the greatest amount 
of vegetative growth between readings occurred during periods of abundant 
rainfall. 


Condition of Vines and Weight and Number of Cuttings 


At the termination of the experiment the condition of the vines under 
the various exposures to light was recorded to determine how the various 
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Figure 1. Vegetative growth made by vanilla cuttings at 3-month periods 
when grown under four exposures to sunlight, together with the amount of 
rainfall between readings. 


degrees of sunlight had affected the development of the vines. This 
information is summarized in table 3 together with the weight of the 
vines and number of eight-node cuttings obtained from those grown in 
each treatment. 

The vines grown under one-half and one-third normal sunlight pro- 
duced the highest percentages of healthy plants and the least percentages 
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Table 3. Condition of vanilla plants at end of 15 months planted under four 
exposures to light, together with weight of vines and number of 


8-node cuttings per treatment. 


CONDITION OF PLANTS 
TREATMENT WEIGHT OF 

(EXPOSURE TO LIGHT) VINES 

HEALTHY WILTED 


PERCENT PERCENT PounpDs 
Full sunlight 32.5 16.7 26.8 
% sunlight 84.2 5.0 201.0 


% sunlight 98.3. 0.0 1.7 344.0 


% sunlight 96.6 LZ LZ 366.0 


of wilted and dead plants. The same vines also produced the highest 
weights and greatest numbers of eight-node cuttings. 

The vines grown under full sunlight produced the lowest proportion 
of healthy plants and highest proportion of wilted and dead plants. It is 
evident that there were considerable differences in the weights and numbers 
of eight-node cuttings between the vines exposed to the two lowest exposures 
to sunlight and those exposed to the two highest degrees of sunlight. 


CHARACTER OF GROWTH OF VINES 


Since the beginning of the experiment it was observed that the character 
of growth of the vines varied with the exposure to light to which they were 
exposed. The vines exposed to one-third and one-half the normal sunlight 
developed more vigorously, as illustrated in figure 2 and 3, than those 
exposed to two-thirds and full sunlight, as illustrated in figures 4 and 4. 
Moreover, the former were of a dark green color and their internodes longer 
and thicker, as compared to the yellow to yellowish-green and shorter and 
thinner internodes of the vines exposed to full and two-thirds sunlight. 


SUMMARY 
The work here reported showed that the vanilla plant requires con- 


siderable shade for its best development. When vanilla was grown under 
four exposures to light it was found that the best vine growth from the 
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Figure 2. Typical plants of Vanilla fragrans grown under one-third sunlight 
at-the end of 15 months. Note the vigorous condition of the vines and the — 
thick and long internodes. The vines were of a rich dark-green color..~: 
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Figure 3. Typical plants of Vanilla fragrans under one-half sunlight at the 
end of 15 months. The vines were vigorous and had long thick internodes, 
but the color was somewhat lighter than that of vines exposed to one-third 


normal sunlight. : 
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Figure 4. Typical plants of Vanilla fragrans grown under two-thirds sunlight 

at the end of 15 months. These vines were considerably less vigorous than 

those shown in figures 2 and 3. Also the internodes were shorter and thinner. 
The color was yellowish-green. 
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Figure 5. Typical plants of Vanilla fragrans grown under full sunlight at the 
end: of 15: months. Note the drooping leaves and short internodes. Vines were 
yellow-green, almost chlorotic in color. 
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standpoint of root germination, seed-piece rotting, and vegetative growth 
was accomplished under shade conditions which admitted from one-third 
to one-half the normal sunlight when the sun was directly overhead. The 
most vigorous and greatest weight of vines and the greatest number of 
eight-node cuttings were also obtained under those conditions. 


SUMARIO 


Se indica en estudios sobre desarrollo vegetativo que la vainilla requiere 
zbundante sombra. Sembrandose bajo cuatro distintas proporciones de som- 
bra se noté el mejor desarrollo de las plantas cuando se sombreé en tal forma 
que se admitiera una tercera parte o una mitad de la cantidad de luz solar. 
Este desarrollo se expres6 en produccién de raices, tallo y baja podredumbre 
de los esquejes. El mejor indice de desarrollo fué el niimero de esqueies de 
ocho nudos y la lozania de las plantas. 
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